Background: Microvillous atrophy, a disorder of intractable diarrhoea in infancy, is characterised by the intestinal epithelial cell abnormalities of abnormal accumulation of periodic acid-Schiff (PAS) positive secretory granules within the apical cytoplasm and the presence of microvillous inclusions. The identity of the PAS positive material is not known, and the aim of this paper was to further investigate its composition. Methods: Formaldehyde fixed sections were stained with alcian blue/PAS to identify the acidic or neutral nature of the material, phenylhydrazine blocking was employed to stain specifically for sialic acid, and saponification determined the presence of sialic acid acetylation. The specificity of sialic acid staining was tested by digestion with mild sulphuric acid. Expression of blood group related antigens was tested immunochemically. Results: Alcian blue/PAS staining identified a closely apposed layer of acidic material on the otherwise neutral (PAS positive) brush border in controls. In microvillous atrophy, a triple layer was seen with an outer acidic layer, an unstained brush border region, and accumulation within the epithelium of a neutral glycosubstance that contained acetylated sialic acid. Blood group antigens were detected on the brush border, in mucus, and within goblet cells in controls. In microvillous atrophy they were additionally expressed within the apical cytoplasm of epithelial cells mirroring the PAS abnormality. Immuno electron microscopy localised expression to secretory granules. Conclusions: A neutral, blood group antigen positive, glycosubstance that contains acetylated sialic acid accumulates in the epithelium in microvillous atrophy. Previous studies have demonstrated that the direct and indirect constitutive pathways are intact in this disorder and it is speculated that the abnormal staining pattern reflects accumulation of glycocalyx related material.
Background: Microvillous atrophy, a disorder of intractable diarrhoea in infancy, is characterised by the intestinal epithelial cell abnormalities of abnormal accumulation of periodic acid-Schiff (PAS) positive secretory granules within the apical cytoplasm and the presence of microvillous inclusions. The identity of the PAS positive material is not known, and the aim of this paper was to further investigate its composition. Methods: Formaldehyde fixed sections were stained with alcian blue/PAS to identify the acidic or neutral nature of the material, phenylhydrazine blocking was employed to stain specifically for sialic acid, and saponification determined the presence of sialic acid acetylation. The specificity of sialic acid staining was tested by digestion with mild sulphuric acid. Expression of blood group related antigens was tested immunochemically. Results: Alcian blue/PAS staining identified a closely apposed layer of acidic material on the otherwise neutral (PAS positive) brush border in controls. In microvillous atrophy, a triple layer was seen with an outer acidic layer, an unstained brush border region, and accumulation within the epithelium of a neutral glycosubstance that contained acetylated sialic acid. Blood group antigens were detected on the brush border, in mucus, and within goblet cells in controls. In microvillous atrophy they were additionally expressed within the apical cytoplasm of epithelial cells mirroring the PAS abnormality. Immuno electron microscopy localised expression to secretory granules. Conclusions: A neutral, blood group antigen positive, glycosubstance that contains acetylated sialic acid accumulates in the epithelium in microvillous atrophy. Previous studies have demonstrated that the direct and indirect constitutive pathways are intact in this disorder and it is speculated that the abnormal staining pattern reflects accumulation of glycocalyx related material. M icrovillous atrophy is a definitive diagnosis within the intractable diarrhoea of infancy syndrome. 1 Onset of diarrhoea is either in the first week of life or after the neonatal period, 1 and patient survival relies on feeding via parenteral nutrition. The majority of patients die within the first year of life, largely from complications arising from parenteral feeding. 1 The only potentially ''curative'' treatment available currently is intestinal transplantation.
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Microvillous atrophy is termed ''microvillous inclusion disease'' in the American literature. 6 The diagnosis is based on the finding of an abnormal accumulation of periodic acid-Schiff (PAS) positive material in the apical cytoplasm, increased cytoplasmic secretory granules, and the presence of intraepithelial microvillous inclusions. 1 6 7 Thiery staining has established that the secretory granules are the ultrastructural representation of the accumulated PAS positive material seen on light microscopy in upper crypt epithelium 8 so that the two observations actually represent a single abnormality. The underlying pathogenesis in microvillous atrophy is unclear although a cytoskeletal brush border myosin deficiency 9 has been identified, and it has been shown that the direct and indirect constitutive pathways are intact. 10 These observations are compatible with the hypothesis that there is a block in exocytosis of an unidentified brush border related material, as exhibited by accumulation of PAS positive secretory granules, due to a deficient molecular myosin-actin based transport system. 8 Secretory granule accumulation is the first abnormality detected in the epithelial cell life cycle, and the formation of microvillous inclusions appears subsequently in older cells. 1 8 Indeed, in both congenital and late onset microvillous atrophy, microvilli appear near normal in regions where secretory granules first accumulate, and microvilli reappear on surface epithelial cells in atypical microvillous atrophy, despite their severe reduction in crypt epithelium. 1 This indicates that a defect in microvillous biosynthesis is not the basis of the disease and suggests that establishing the identity of the secretory granules should help unravel the basic defect in the disease. The aim of this work was to further investigate the composition of the accumulated PAS positive material within the epithelium using histochemical and immunocytochemical techniques.
PATIENTS AND METHODS

Patients (table 1)
Small intestinal tissue was available from two cases of microvillous atrophy (cases 1 and 2 in table 1) that had undergone intestinal transplantation and from three cases undergoing proximal small intestinal mucosal biopsy as part of their routine diagnostic investigation. Case 5 had late onset microvillous atrophy (at eight weeks old); the other cases had congenital microvillous atrophy with onset of diarrhoea in the first week of life. Three histologically normal and seven abnormal proximal small intestinal mucosal biopsy samples were used as controls (table 1) .
All biopsies were performed with fully informed parental consent as part of the routine investigation of the patients for Abbreviations: PAS, periodic acid-Schiff; PBS, phosphate buffered saline; FBBG, filamentous brush border glycocalyx; EM, electron microscopy gastrointestinal disorders. Histologically normal control samples were from patients with chronic diarrhoea and/or failure to thrive who had no gastrointestinal cause identified for their symptoms.
The cases of coeliac disease (cases 9 and 15) had severe crypt hyperplastic villous atrophy; subsequently, they showed clinical and histological improvement on gluten exclusion and a histological relapse on gluten challenge.
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Cases 10 and 11 were diagnosed as cow's milk sensitive enteropathy as they showed a typical mild patchy enteropathy on initial biopsy, rapid clinical improvement following cow's milk exclusion, and a normal histology prior to the uneventful reintroduction of cow's milk back into the diet. 12 Case 12 developed chronic diarrhoea after an acute diarrhoeal illness, possessed a mild enteropathy on small intestinal mucosal biopsy, and thrived following cow's milk exclusion. 13 Cases 13 and 14 had intractable diarrhoea with an onset in the first week of life and required management by parenteral nutrition. The mucosa was thin and showed focal piling up of the surface epithelium into tufts, the characteristic appearance of tufting enteropathy, 14 otherwise termed epithelial dysplasia. 15 Subsequent biopsies have shown no change in the mucosal appearance. The diagnosis of microvillous atrophy was excluded in these children.
Histochemical methods
All stains were performed on formalin fixed paraffin wax embedded samples. Sections were cut at 5 mm, wax was removed using histoclear (Agar Scientific, Stanstead, Essex, UK), and samples were rehydrated into phosphate buffered saline (PBS) through an alcohol series.
Alcian blue/PAS staining 16 17 Acid mucopolysaccharides (glycosaminoglycans) are not strongly PAS positive. However, these simple acid and sulphated mucopolysaccharides are well stained by alcian blue.
Sections were stained with 1% alcian blue 8GX (Sigma, St Louis, Missouri, USA) in 3% aqueous acetic acid at pH 2.2 for 60 minutes and washed in running tap water for 10 minutes before immersion in 1% aqueous periodic acid for five minutes. They were then washed in distilled H 2 O for 10 minutes before staining with Schiff's reagent for 15 minutes, washed in running tap water for 10 minutes, and stained with (Gill solution No 3) haematoxylin prior to observation under the light microscope. In this method neutral glycosubstances stain magenta whereas acidic substances stain blue. Mixtures stain purple.
Sialic acid specific staining 17 18 Blocking the staining of neutral sugars with phenylhydrazine following periodic acid oxidation allows sialic acid to be visualised by PAS staining although acetylated sialic acids will not stain.
Sections were stained with 1% alcian blue 8GX (Sigma) in 3% aqueous acetic acid at pH 2.2 for 30 minutes, rinsed briefly in 3% acetic acid, and blotted dry. They were then treated with 1% aqueous periodic acid for two hours at room temperature and washed in running tap water for 10 minutes before immersion in 0.5% (w/v) phenylhydrazine hydrochloride for two hours. Overnight incubation in distilled water at room temperature was maintained for 16-24 hours. Schiff staining was then performed for four hours, followed by washing in running water for 10 minutes. Sialic acid stains magenta, O-sulphate esters stain blue, and neutral sugars do not stain.
Saponification to show acetylation of sialic acid 18
Saponification (treatment with potassium hydroxide) converts acetylated groups to hydroxyl groups that can then be stained by PAS. Phenylhydrazine blocking of neutral sugars allows demonstration of the presence of acetylated sialic acid.
The method is as above for sialic acid specific staining but sections were treated with 0.5% (w/v) potassium hydroxide in 70% ethanol for 15 minutes at room temperature before staining with alcian blue stain. Other steps were the same.
Position of acetylation 19
Acetylation at the C 7 and/or C 8 position was investigated. Periodic acid oxidation converts C9 acetylated sialic acids to C7 aldehydes, C7 acetylated sialic acids to C8 aldehydes, and tissue diols to dialdehydes, but has no effect on C8 acetylated sialic acids. Sodium borohydride reduction converts aldehydes into primary alcohols, which are Schiff negative. Saponification removes o-acetyl substituents from the C8 class and the modified C7 class, making them PAS positive.
Sections were immersed in 1% aqueous periodic acid for 30 minutes, washed in distilled water for 10 minutes, and treated with 0.1% sodium borohydride in 1% Na 2 HPO 4 for 30 minutes. After washing in water, sections were saponified for 15 minutes, washed in water, and exposed again to 1% periodic acid for five minutes. Sections were then washed in running water for 10 minutes before staining with Schiff reagent for four hours. Sialic acid with side chain substituents at C 7 and/or C 8 stains red. Specificity controls, omitting the saponification step, should be unstained.
Sialic acid digestion to show specificity of staining 20 21 Sections were saponified for 15 minutes at room temperature and washed in water for 10 minutes, prior to exposure to 0.05 M H 2 SO 4 for one hour at 80˚C. Sections were then washed in water for 10 minutes before specific staining for sialic acid, as described in the sialic acid specific staining method above. O-sulphate esters stain blue, neutral sugars do not stain. Sialic acid staining should be markedly reduced in comparison with that identified previously and to control sections incubated with PBS rather than sulphuric acid.
Immunohistochemical methods
The following blood group related antibodies were used: (a) a commercially available H blood group antibody which recognises O and H blood group antigens (Lorne Laboratories, UK); (b) a commercially available Le a antibody (Lorne Laboratories, UK). Both of these antibodies were kindly provided by the Royal Free Hospital NHS Trust Haematology Department; (c) a mouse monoclonal antibody, termed mbbm-4 (or IG7F1), against Lewis Le a related structures 22 ; (d) a mouse monoclonal antibody, termed mbbm-1 (or VA4), raised against high molecular weight human jejunal glycoproteins, that recognises blood group A antigen. 23 The titres of the antibodies were 1:20, 1:20, 1:10, and 1:10, respectively.
Paraffin wax embedded formalin fixed samples were treated as described in the histochemistry section to bring them to PBS. Sections were pretreated with 1.5% bovine serum albumin in PBS to block non-specific primary antibody staining, prior to staining with the primary antibodies listed above, for one hour at 37˚C. Indirect immunofluorescent staining was performed using FITC conjugated goat antimouse secondary antibodies (1:100 dilution for one hour at 37˚C), sections were washed in PBS mounted in citifluor (Agar Scientific Ltd), and viewed under a Zeiss fluorescence microscope.
Immune electron microscopy Immuno electron microscopy (EM) was performed on case 2 (table 1) using the IG7F1 anti-Le a antibody to determine if the positive staining seen at the light microscope level was localised to the secretory granules. A histologically normal control (case 6 in table 1) was also stained. The only material available was glutaraldehyde/osmium fixed and TAAB resin embedded. Thin sections (100 nm) were cut and mounted onto 200 mesh Nickel grids. Grids were floated on nonimmune swine serum (1:10 dilution, 20 minutes at room temperature) in PBS to block non-specific staining, washed in PBS, stained with IG7F1 anti-Le a antibody (1:10 dilution for two hours at room temperature), washed in PBS, stained with goat antimouse immunoglobulin 10 nm gold conjugated secondary antibody (1:20 dilution for two hours at room temperature), and washed in distilled water. Prior to observation in a JEOL 1200 ExII transmission EM at 80 kV accelerating voltage, sections were double stained in uranyl acetate (10 minutes at 37˚C) and lead citrate (three minutes at room temperature), washed in distilled water, and allowed to dry.
RESULTS
Histochemistry
Alcian blue/PAS staining in histologically normal and abnormal controls showed that mucins within goblet cells largely stained purple, indicating a mixture of acidic and neutral substances. There was however a gradient of staining from the crypt base to the villus with some goblet cells staining magenta near the crypt base, especially in the duodenum. There were more goblet cells in the ileum compared with the duodenum. Mucus in the crypt lumen and in between villi stained a deep purple. The brush border stained magenta, indicating the presence of neutral glycosubstances, with a tightly apposed luminal acidic layer, presumably attached mucus, which stained deep purple ( fig 1A) .
In all microvillous atrophy cases the abnormally accumulated material within the apical cytoplasm stained magenta, demonstrating it was a neutral glycosubstance. The neutral magenta positive staining of the brush border seen in controls was absent. However, the tightly apposed luminal purple staining acidic layer remained, producing a triple layered sandwich effect ( fig 1B) . This was readily identified in the upper crypt region in cases 1-4, and was not clearly present on the exposed surface epithelium. Goblet cells appeared as in controls. Case 5 (late onset microvillous atrophy) showed areas where the triple layer effect was present as well as areas where the brush border stained as in controls (that is, magenta with a tightly apposed purple luminal acidic layer).
Specific staining for sialic acid showed positive goblet cells and mucus and a faintly positive brush border in controls (fig 2A) . In microvillous atrophy there was faintly positive staining in the epithelium, and goblet cells were positive as in controls ( fig 2C) . Saponification (to make acetyl groups PAS positive) prior to alcian blue/PAS staining with phenylhydrazine blocking (to stop neutral sugar staining) demonstrated the presence of acetylated sialic acids in goblet cells and the brush border in controls ( fig 2B) . In microvillous atrophy, positive staining for acetylated sialic acid was identified in goblet cells and in crypt epithelium where superficial brush border and apical epithelial cytoplasmic staining was seen ( fig 2D) . The body of the brush border did not stain, again producing a triple layered sandwich effect. Removal of acetylated sialic acids using saponification and sulphuric acid digestion showed a marked reduction in positive staining, confirming the presence of acetylated sialic acids ( fig 2E) . Positive red staining indicating acetylation at the C 7 and C 8 positions was seen in areas which had demonstrated the presence of acetylated sialic acids in controls and microvillous atrophy ( fig 3A, 3B) . Staining was markedly reduced with omission of the saponification step (data not shown).
Immunostaining
Consistent staining in the patient groups was not expected as blood groups would vary between individuals.
No case showed staining with the blood group H antibody.
Lewis blood group
Le a and Lewis Le a related antibody staining gave similar results. Goblet cells and mucus were positive in histologically normal and abnormal cases, apart from case 12 where luminal mucus was positive but goblet cells did not stain. The brush border was positive in all cases ( fig 4A) apart from case 12. Cases 7, 8, 9, and 14 showed patchy brush border staining, and cases 11 and 13 showed superficial and patchy staining implying that mucus attached to the brush border might be staining, rather than the brush border. Staining was reduced in the crypt region.
Microvillous atrophy cases 2 and 3, but not the other cases, showed positive staining within the apical cytoplasm of upper crypt cells in a similar location to the abnormal accumulation of PAS positive material ( fig 4B) . Otherwise, all microvillous atrophy cases showed positive brush border, goblet cell, and luminal mucus staining, as in controls. Cases 2, 3, and 4, but not cases 1 and 2, showed some positive intracellular staining in surface exposed epithelial cells that may reflect microvillous inclusion bodies and/or vesicular bodies ( fig 4C) . 6 Blood group A Controls Cases 6, 10 and 11 did not stain with the VA4 antibody. Histologically normal cases 7 and 8 showed very small areas of positive staining in luminal mucus. Histologically abnormal cases 9, 12, 13, and 14 showed brush border, goblet cell, and mucus staining ( fig 4D) .
Microvillous atrophy
Cases 1 and 5 showed positive staining within the apical cytoplasm of upper crypt (case 1) ( fig 4E) and low villous (case 5) (fig 4F) epithelium in a similar location to the abnormal accumulation of PAS positive material. These two cases also showed some circular cytoplasmic staining in the surface exposed epithelium, perhaps reflecting the presence of microvillous inclusions or vesicular bodies. 6 Cases 2 and 5 demonstrated positive goblet cell and mucus staining; other cases did not stain.
Immuno EM
Immuno EM was performed on histologically normal control case 6 (table 1) and on microvillous atrophy case 2 (table 1) using the IG7F1 anti Le a antibody to determine if the positive staining seen at the light microscope level was localised to the secretory granules. The control had gold particles identified on mucus within goblet cells ( fig 5A) and in the brush border, where labelling was seen on the surface, between and on microvilli ( fig 5B) . In microvillous atrophy, gold labelling was identified on secretory granules (figs 5C, 5D) and on mucus within goblet cells, as seen in controls. A low level of gold labelling was seen within microvillous inclusions (data not shown). No nuclear, Golgi complex, mitochondrial, or rough endoplasmic reticulum gold labelling was found, and no staining was identified in Paneth cells.
DISCUSSION
The aim of this study was to investigate the nature of the secretory granules that accumulate within the intestinal epithelium in cases of microvillous atrophy 1 6-8 and produce an abnormal PAS positive staining reaction. 8 Histochemical and immunostaining approaches were employed.
Alcian blue/PAS staining showed that the brush border region in both histologically normal and abnormal controls contained neutral glycosubstances with a tightly apposed outer acidic layer, presumably mucus. Thus mucus, as well as appearing in the crypt lumen and above the mucosal surface to produce the unstirred layer, appears to bind directly to the brush border, adding a discrete layer to the glycocalyx that must be negotiated by both nutrients and pathogens alike. This is not a well described phenomenon, although galectin-1, a mammalian galactoside binding lectin, has been shown to cross link mucus and glycocalyx components in the rat, 24 suggesting a specific mechanism for the association.
The PAS positive stain of the brush border in controls was absent in microvillous atrophy indicating that a neutral brush border glycosubstance is missing. The accumulated material within the epithelium in microvillous atrophy stained positively with PAS demonstrating that it is a neutral glycosylated substance of similar staining characteristics to the missing brush border material, suggesting that there is a block in its exocytosis. The tightly apposed outer acidic layer identified in controls was also seen in microvillous atrophy in crypt regions, producing a triple layered staining effect. This alcian blue positive layer was not seen on surface exposed epithelium where ultrastructural studies showed short or absent microvilli, whereas microvilli appeared near normal in crypt regions. 1 6 7 Thus mucus still adheres to the brush border region in microvillous atrophy where intact microvilli are still present but there is a defect in the glycobiological makeup of the brush border. This presence of a tightly bound layer of mucus on the brush border in microvillous atrophy explains the profile seen by scanning photometry where a PAS positive brush border peak was seen as well as accumulation of PAS positive material within the cell. 8 In this earlier paper, the possibility of either a partial block in exocytosis or the presence of exogenous PAS positive material was put forward to explain the findings. 8 Alcian blue/PAS staining has now shown that the most likely explanation is exogenous mucus adhering to the microvilli, and leads to the deduction that there is a complete block in exocytosis of the PAS positive material, which would normally reside in the brush border.
Brush border related enzymes (for example, disaccharidases, peptidases) are glycosylated and the above result could be interpreted to indicate that these enzymes are accumulating within the cell. However, we have shown normal synthesis and insertion of these enzymes into the apical membrane (that is, intact direct and indirect constitutive pathways) in microvillous atrophy, and we could not detect their accumulation within secretory granules. 10 Thus some other epithelial component(s) must be responsible.
The histochemical investigation identified acetylated sialic acid accumulation within the epithelium in microvillous atrophy in a distribution that matched the abnormal PAS staining pattern, whereas it was brush border located in controls. Acetylated sialic acid has been identified as a common component of the glycocalyx in animals, 25 raising the possibility that microvillous atrophy involves a defect in exocytosis of the glycocalyx or some of its components. The immuno EM results would support this contention as positive Le a -like antibody staining in the control localised to the glycocalyx, and this immunoreactivity was found in secretory granules in microvillous atrophy. Thus we have morphological and histochemical evidence of a defect in glycocalyx component localisation. The glycocalyx, the ''sugar-rich'' covering that coats plasma membranes, may be an extraneous coat and/or an integral part of the plasma membrane. 26 It is considered to form a hydrophilic polyanionic gel coat on the enterocyte surface and is thought to maintain cell surface charge, protect against physical trauma, regulate ionic and macromolecular access, and form a cationic store. 27 Thus absence of the glycocalyx would have profound consequences on normal cell function and may result in an inability to maintain cellular homeostasis. This could explain why the vast majority of cases of microvillus atrophy do not exhibit hydramnios, 1 as the amniotic fluid, which is swallowed by the fetus and bathes the luminal surface of the gut, is comparable in osmolality to serum, 28 29 resulting in no osmotic pressure across the gut in utero. This changes dramatically following birth and could explain the rapid onset of symptoms.
In the intestine, there are many glycosylated proteins associated with the apical epithelial membrane and it is uncertain which ones provide the physical characteristics of the glycocalyx listed above, or whether a particular component is responsible. Components include brush border enzymes, mucins, and a filamentous matrix (termed the filamentous brush border glycocalyx (FBBG)), the major component of which is an approximately 400 kDa molecular weight transmembrane mucin-type glycoprotein 30 containing O-acetylated sialic acid. 25 The 400 kDa FBBG in the rabbit has the same morphological appearance as the fine filamentous material on the microvilli of humans and various other species, including bats, rodents, and amphibians. 31 As stated above, brush border enzymes are normally inserted into the apical membrane in microvillous atrophy, 10 and we could not detect differences in alcian blue staining of goblet cells and mucus between controls and microvillous atrophy cases. Thus the FBBG could be responsible for the abnormal histochemical staining pattern.
In humans, the membrane associated mucins which are produced by intestinal epithelia and include MUC1, MUC3, MUC4, MUC13, 32 and MUC17 33 may form part of the glycocalyx and one or other of these may be the human orthologue of the FBBG. It is feasible that these glycoproteins are part of the accumulated PAS positive material. However, antibodies against these substances which work on formalin fixed paraffin wax embedded sections are not available in all cases, or deglycosylation, 34 antigen retrieval, and reduction/ alkylation 35 techniques may be required, leading to capricious staining results (unpublished observation). As fresh biopsy material becomes available we will be able to pursue this possibility using frozen sections, where antigen preservation should be improved.
We also studied localisation of certain blood group antigens in this work and detected their presence in a similar distribution to the PAS staining abnormality in microvillous atrophy, but on an individual basis, as would be expected with blood group determinants. A, B, H, and Lewis antigens are expressed on glycoproteins in the brush border of the human intestine. This has been shown for disaccharidases, peptidases, and alkaline phosphatases. 23 However, it has also been shown for blood group A determinants in the rabbit where it was strongly localised to the FBBG and to brush border hydrolases. 36 37 These findings are compatible with the hypothesis that the glycocalyx, or its components, accumulate within the epithelial cell in microvillous atrophy, and this is seen morphologically as an accumulation of PAS positive secretory granules. The relationship between this abnormality and the finding of microvillous inclusions in epithelial cells at a later stage of their development 1 8 is unclear. However, it is possible that accumulation of this glycocalyx related material might interrupt the normal process of the maintenance of the brush border, which turns over at a high rate, 38 and stimulate the self assembly of microvilli within the cell resulting in the formation of microvillous inclusions. Alternative hypotheses that have been recently suggested include a genetic defect affecting apical membrane traffic 39 and autophagocytosis of the apical membrane. 40 In the former paper there is agreement that vesicular traffic may be interrupted but disagreement in what this traffic represents. We have previously reported normal localisation of brush border membrane hydrolases and peptidases in several cases of the disease, 10 whereas Ameen and Salas 39 report diffuse subapical and apical membrane immunolocalisation of sucrase-isomaltase in a single case report. In contrast, in agreement with our findings, others have reported dense sucrase-isomaltase brush border labelling in most enterocytes. 40 In summary, we have presented morphological, histochemical, and immunostaining evidence of an abnormality in the exocytosis of the glycocalyx in microvillous atrophy. Whether the consequences of this abnormality are sufficient to explain the severe clinical picture in microvillous atrophy awaits further investigation.
